This study aims to evaluate the prevalence and sociodemographic factors of anemia in children <36 months old in China. In this study, data of 24 235 children were investigated from 32 primary health care (PHC) facilities in 11 province-level regions. Pearson v 2 -test and logistic regression model were used to estimate potential risk factors associated with anemia. The overall prevalence of anemia was 24.4%, and 32.8% children from rural areas were anemic, but no statistically significant difference was observed between male and female. Predictors of anemia are different regions of China, cesarean delivery, premature birth and neonatal asphyxia. We also found that education level and income of children's parents are important determinants of childhood anemia. In additional, feeding practice would affect anemia among children aged 6-12 months. Our results could provide some insights for prevention and control of childhood anemia in PHC facilities.
I N T R O D U C T I O N
Anemia is one of the main severe and widespread nutritional disorders, and the most vulnerable population suffering from anemia is children <5 years, especially those in the first 2 years of life [1] . Worldwide, 47.4% of children <5 years are anemic [2] . Recent surveys from China documented that a consistently high prevalence of anemia among children ranges from 20% to 60% [3] [4] [5] [6] [7] , which indicated anemia is a moderate or severe public health problem in China according to the World Health Organization's (WHO's) classification of public health significance of anemia [8] .
Child anemia has both short-and long-term adverse consequences that have serious implications for individuals and societies [9] . Anemia impairs physical growth and cognitive and motor development, and it can cause social and emotional delays and adversely affect school performance [10, 11] . More importantly, studies have shown that the consequence of anemia is irreversible even if corrected in later childhood [12, 13] . Hence, recognizing and treating anemia as early as possible are critical, especially among young child because they are more vulnerable to anemia owing to their rapid growth.
Primary health care (PHC) facilities in China are responsible for anemia screening for children living in the residence at least once a year [14] . Although it was implemented for several years, data on anemia among children from PHC facilities are scarce. The aim of this study was to analyze the prevalence of anemia and sociodemographic factors in children <36 months in China using the existing data across China. Moreover, the study can also provide some insights for prevention and control of childhood anemia in primary health centers.
M E T H O D S

Ethics statement
This study was approved by Capital Institute of Pediatric, Beijing. And the study was conducted in accordance with the ethical principles of the Declaration of Helsinki. Informed written consent was also obtained from all legal guardians on the behalf of the children participants involved in this study.
Participants
The relevant data from children aged 6-36 months, who were tested for hemoglobin (Hb) levels, from 32 PHC facilities conducted in 11 province-level regions (eight provinces: Fujian, Liaoning, Shandong, Zhejiang, Anhui, Jiangxi, Shanxi and Guizhou; one Minority autonomous region: Inner Mongolia; two cities directly under the central government: Shanghai, Chongqing) from 2011 to 2014 were analyzed. These 32 PHC facilities were not sampled randomly but were directly selected based on the following: (i) geographical location, to cover various areas of China; (ii) acceptance to participate in this study; and (iii) already implementation of the National Basic Public Health Services.
Subjects aged 6-36 months were included into this study. Criteria for inclusion were as follows: (i) living in local communities for at least 6 months; (ii) being tested for Hb levels; (iii) being followed up by local health workers in PHC facilities.
Data collection
All participants had face-to-face interviews by the local health professionals in PHC facilities using a questionnaire designed by the National Basic Public Health Services specifications, including information about the demographic characteristics of children and their parents, delivery method, feeding practice, occurrence of common childhood diseases in the past 2 weeks, child care and so on. Hb concentrations for children were measured by finger-prick blood specimens by trained nurse in the field, which complies with local test methods.
Study variables
WHO classification criteria were used to diagnose child anemia, which defines mild anemia as Hb concentration <110 g/l for children <5 years, moderate anemia as Hb concentration <99 g/l and severe anemia as Hb concentration <80 g/l [15] . Breastfeeding was defined as including breastfeeding (only breast milk), mixed feeding and artificial feeding. In our study, we categorized delivery patterns into a vaginal delivery (which included spontaneous delivery), forceps delivery and cesarean delivery. Premature birth means that children were born before 37 weeks.
Statistical analysis
Statistical analysis was performed using SPSS version 13.0 (Statistical Package for the Social Sciences). Categorical (nominal/ordinal) variables were described using frequencies and percentages. Pearson v 2 -test was performed to assess differences in the characteristics between anemia and nonanemia groups for the categorical variables. The logistic regression model was used to explore potential risk factors associated with anemia, including place of residence, gender, age group, education level of parents, family average income, premature birth, neonatal asphyxia, delivery patterns, feeding patterns and catching disease in previous 2 weeks. p value of <0.05 was considered as statistically significant.
R E S U L T S
Univariate analyses
Overall, 5906 (24.4%) children were anemic in this study, of which 4378 (18.1%) had mild anemia and 1528 (6.3%) had moderate and severe anemia. Anemia was prevalent among children from rural areas (32.8%) than urban areas (21.3%), but no statistically significant difference was observed between male and female (24.5% vs. 24.2%). The prevalence of anemia in cesarean delivery children was higher compared with those children with vaginal delivery. Similarly, children who had premature birth and neonatal asphyxia were more anemic. Moreover, the higher the education level of children's parents, the lower the prevalence of children anemia. In additional, children with only breastfeeding were more likely to have anemia. More details are given in Table 1 .
Relationship between anemia and feeding practice The relationship between anemia and feeding practice among different age groups is shown in Fig. 1 . The prevalence of anemia in 6-12 months age group (30.2% in average) was significantly higher than the other two groups (19.2% vs. 9.3%). In addition, prevalence of anemia in 13-24 months group showed no significant difference in different feeding practice groups (p > 0.05), and no obvious disparity was observed in 25-36 months group (p > 0.05). However, in 6-12 months group, prevalence of anemia in breastfeeding group was significantly higher than other two groups (p < 0.05).
Multivariate model
Multivariate analysis was used to estimate the relative contribution of each indicator variables related to anemia. Compared with children in urban areas, children in rural areas were at increased risk of anemia (OR¼ 1.81; 95% CI: 1.65-1.98). Children in the 6-12 months age group were more anemic than children in other groups. In addition, we found that children in lower family income group (OR ¼ 1.14; 95% CI: 1.02-1.27) were at higher risk of anemia compared with children in higher family income group. Infants who were born with cesarean delivery had a higher prevalence of anemia (OR ¼ 1.08; 95% CI: 1.01-1.17) compared with those born with vaginal delivery. Feeding practice also affected the prevalence of anemia. Artificial feeding was associated with decreased risk of anemia (OR ¼ 0.64; 95% CI: 0.57-0.72). Besides, the association of children catching disease in previous 2 weeks was significant for those who were not sick (OR ¼ 2.04; 95% CI: 1.88-2.23). More details are given in Table 2 .
D I S C U S S I O N
Childhood anemia has serious implications, and many of these consequences could be avoided through proper dietary intake. Studies have demonstrated that regular iron intake can reduce anemia rates by 50% [16] . To better plan preventive measures of child anemia in PHC settings in China, we analyzed the existing data from 32 PHC facilities to explore the prevalence and more risk factors of child anemia. The findings of this study suggest that the prevalence of anemia is 24.4% among children <36 months in China; however, the level of anemia observed in our study was lower as compared with studies conducted in other developing countries [17] [18] [19] [20] .
It is noticeable that 32.8% children from rural areas were anemic, which indicated it is a moderate public health problem in China [21] . In addition, the prevalence of anemia in west China was 27.1%, and in middle China was 20.5%, which indicated that regional imbalance in the prevalence of child anemia was obvious. In China, anemia was more prevalent in rural and west areas, and these areas had limited health resources, which may restrict the implementation of preventive and therapeutic measures for anemia. Hence, prevention and control programs of childhood anemia should adapt to the needs of different areas of China, and government should encourage local PHC settings to implement regional strategies for childhood anemia.
No significant difference was observed of the gender of childhood anemia in the current study, which is in agreement with studies in other countries [22] . In our study, we also found that the higher the education level and income of children's parents, the lower the prevalence of anemia. This result was comparable with another literature, which indicated that risk factors of childhood anemia are low family income, low maternal level of education, lack of access to health care services and so on [17, [23] [24] [25] [26] . A possible explanation for the fall of anemia prevalence might be that parents with higher level of income are more likely to access the iron-rich food, and parents' education level would affect the practices of child's health care, which could make parents take good care of children's health care and diet.
We noted that cesarean delivery is associated with increased prevalence of anemia in children. Logistic regression analysis also showed that infants who were born with cesarean delivery had a higher risk of anemia. These results were comparable with another study in China [4] . Results of this study also indicated that children with premature birth, neonatal asphyxia and catching disease in previous 2 weeks were risk factors of child anemia. Further, multiple regression analysis also confirmed these results. Hence, in the future community-based intervention and control of anemia, health workers should pay more attention to children with these features.
From the analysis, we found that feeding practices was an important factor influencing anemia among children aged 6-12 months. Children with artificial feeding practice were at low risk of anemia compared with other two groups. It is known that feeding practices play an important role of nutritional status in the early years of life. According to some studies, lack of predominant breastfeeding time or prolonged exclusively breastfeeding time was associated with childhood anemia [9, 27] . In addition, complementary feeding is responsible for children nutritional anemia [28] . So the time of starting complementary foods and the quality of these foods were important. In the future prevention of anemia, introducing proper feeding practices, such as breastfeeding time and complementary foods, to mothers and caregivers by health workers in PHC facilities was significant.
The main limitation was that the data analyzed in this study were from volunteered PHC facilities, so it might not be representative of most primary care practices. Second, we were not able to collect information, such as iron supplementation, dietary habit of children on anemia, drinking water sources and so on. Third, Hb concentrations of child were measured with different devices in this study, and the measurement differences across devices were not assessed, possibly leading to misclassification of anemia.
In conclusion, >24.4% children suffer from anemia and it is associated with different regions of China, cesarean delivery, premature birth and neonatal asphyxia. Education level and income of children's parents are important determinants of childhood anemia. In additional, feeding practice would affect anemia among children aged 6-12 months. Our data will be helpful in designing and implementing a program of primary care for childhood anemia in China.
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